This paper uses data from Jordan's 2007 Demographic and Health Survey to reassess the main determinants of child mortality in this middle-income country. Running different logit estimations to allow for different time windows and sets of variables, we find that behavioural factors have gained importance, compared to the household and community factors that were found to be important in earlier studies. We conclude that once a country has passed a certain threshold in household income, education and access to health care and safe drinking water, policies targeting behavioural changes are the most promising for achieving further reductions in mortality rates.
Introduction
Great strides have been made over the past decades in reducing child mortality at the global level, as documented by a decline of one third in the under-five mortality rate between 1990 and 2009 (Inter-agency Group for Child Mortality Estimation Report, 2010). All developing regions have experienced considerable improvements in child survival during this period, with Northern Africa and East Asia making the fastest progress. Despite these achievements, however, most developing countries still lag significantly behind the developed world, with an average of 66 deaths per 1,000 live births in 2009, compared to only six in developed regions. Against this backdrop, the joint UN-World Bank report cited above concludes that the rate of decline in child mortality remains insufficient to achieve Millennium Development Goal 4 (MDG 4)-to reduce under-five mortality rates by two thirds between 1990 and 2015.
Trends in child mortality, as well as its determinants, have long been the subject of academic and policy debates, the literature on the topic going back to the early twentieth century.
2 Prompted by new measurement techniques introduced in the 1960s and increased interest in development and mortality indicators among the international community, intense research was carried out in the 1970s and 1980s. This was further facilitated by newly available datasets at the household and individual levels, associated with the World Fertility Surveys (WFS) and, later, the Demographic and Health Surveys (DHS), which led to a focus on socio-economic and demographic characteristics, in addition to the known biomedical determinants of child mortality.
3 In an attempt to bridge the methodological gaps between the different approaches, Mosley and Chen (1984) established an analytical framework combining the two sets of what they called "socioeconomic" and "proximate" (direct) determinants.
The literature has continued to grow since the 1970s and 1980s, and has delivered some useful and generally accepted insights into the determinants of child mortality, highlighting, inter alia, the importance of birth spacing, breastfeeding, access to health care (including immunization), mother's education, urban versus rural residence, safe drinking water and household income.
4 As a result, Governments, international organizations and non-governmental organizations (NGOs) have embarked on policy initiatives to improve child health outcomes, including through improved access to primary care facilities, immunization campaigns, improved access to safe drinking water, as well as progress in education. These measures, in combination with general improvements in GDP per capita and other human development categories, have contributed to a remarkable decline in child mortality in many countries over the past thirty years.
1 The views expressed are those of the authors and should not be attributed to the United Nations or any of its Member
States. Helpful comments were received from Rob Vos, José Cuesta, Marco Sánchez, Matthias Krause, Nicolas Maystre and Giacomo Sbrana. 2 For overviews of the early literature on child mortality, see Preston (1996) and Wolpin (1997) . 3 In addition, econometric techniques such as the logistic regression and hazard models had by then become more widely available in user-friendly automated formats. 4 Charmarbagwala et al. (2004) provide an overview of the more recent literature based on household survey data.
Following the successful interventions of the past, and faced with the persistent lag in mortality rates behind developed country achievements, the moment has come to reassess the relative importance of determinants. This concerns especially those middle-income countries where the pace of past improvements has started to stall, as basic health interventions have been implemented and additional policies may be required to further narrow the gap in mortality rates.
In this vein, the present paper contributes to the reassessment of the main determinants of child mortality that becomes necessary as a country's level of development increases and the success of initial policy interventions wears off. For our analysis, we use the case of Jordan, a lower middle-income country that has come a long way in reducing child mortality, as evidenced by the drop in under-five mortality from over 80 per 1,000 live births in the 1970s to 26 per 1,000 in 2007.
5 While this is a remarkable achievement, particularly at Jordan's per capita income level, recent progress was slower than in many other middle-income countries. At this point, a fresh assessment of the main determinants is warranted to inform the policies needed to get the country back on track towards achieving MDG 4.
Our empirical results are based on a standard binomial logit analysis of the most recent available data from the 2007 Jordan Population and Family Health Survey (JPFHS), which is part of the worldwide DHS programme. The sample includes over 40,000 children born between January 1971 and September 2007. Differentiating between personal and biological factors, behavioural factors, and household and community factors, we find that behavioural factors such as birth spacing, smoking and breastfeeding seem to matter most for infant and under-five mortality in Jordan.
6 This is in contrast to earlier studies on Jordan that had found a strong impact of household and community factors, most notably the area of residenceurban versus rural-and the mother's education level (Adlahka and Suchindran, 1985; ESCWA, 1991; Shakhatreh, Abbas and Issa, 1996) . In addition, we find that in the recent past, the mortality risk for boys has decreased faster than for girls, possibly suggesting differential treatment of the two groups.
Taken together, our results confirm the hypothesis that the main determinants of child mortality change as a country reaches a higher overall level of development. Household and community factors lose importance as general access to health care and education improves and income levels rise. In turn, behavioural variables become more important, requiring new policy approaches to further reduce mortality rates. This should be seen as good news for policymakers. With the appropriate policies to foster behavioural change, such as targeted awareness campaigns on the risks of smoking and the benefits of greater birth spacing and breastfeeding, and renewed efforts to protect the rights of the girl child, Jordan has a good chance of making strong progress towards further reductions in child mortality.
The remainder of the paper is organized as follows. Section 2 provides an overview of human development trends and the health sector in Jordan and highlights recent trends in infant and under-five mortality. Section 3 introduces the dataset and the determinants for the empirical analysis, and reports the related descriptive statistics. Section 4 discusses why we choose a standard logit model over a hazard model (the main alternative model used in the literature on child mortality). Section 5 outlines our main findings and the resulting policy recommendations, and section 6 presents conclusions.
The Health Sector and Human Development in Jordan

Human development trends
For a lower middle-income developing country, Jordan has achieved above-average outcomes in terms of human development indicators such as education and health. According to the human development index (HDI) for 2007, the most recent available year, Jordan achieved a ranking of 96 out of a total of 182 countries. 7 In the health and education sub-indices, the country scored higher, ranking seventy-eighth in terms of life expectancy at birth, sixty-fourth in adult literacy rate, and sixty-second in combined primary, secondary and tertiary gross enrolment ratio. This is in spite of a much lower ranking-107 th -in GDP per capita as measured in purchasing power parity.
These overall positive human development results are, however, diminished by Jordan's lacklustre performance in terms of gender. The gender-related development index (GDI), first introduced in the Human Development Report 1995, uses the same sub-indices as the HDI, but takes into account differences between women and men. Using the ratio between GDI and HDI to rank countries according to gender disparities relegates Jordan to a ranking of 145. Jordan's rank drops significantly both in terms of life expectancy at birth and adult literacy rate, but it performs relatively well in terms of combined enrolment ratio, where it slips only from rank 62 to rank 63. This bodes well for future adult literacy rates and possibly also for future infant and maternal mortality outcomes.
Health system and policies
Jordan's past public spending on education and health, as well as other social spending, has been instrumental in achieving the described development outcomes. According to the Human Development Report of 2007/2008-the most recent one to display these numbers for Jordan-the Government spent 20.6 per cent of its budget on education in 2001, equivalent to 4.9 per cent of GDP. Public spending on health was equivalent to 5.3 per cent of GDP in 2007, supporting a relatively well-developed nationwide public healthcare system, with 1,392 public health centres and 43 public hospitals in 2007. An additional 3.8 per cent of GDP in private health spending contributes further to Jordan's health-care coverage, including through a number of world-class facilities that also attract patients from abroad.
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Jordan's health system is modern and well-developed, both by regional standards and in comparison to other lower middle-income countries. It consists of three major elements: the public sector, the private sector, and donor initiatives. In 2007, these sectors' respective contributions to overall health-care financing amounted to 54.9 per cent, 40.2 per cent, and 4.9 per cent (Ministry of Health of Jordan, 2009).
In terms of coverage and accessibility, the Jordanian health system performs relatively well. In 2004, around 70 per cent of the population was covered by formal health insurance (Ajluni, 2006) . Insurance coverage tends to be higher among women, the elderly, and rural population groups.
9 The average patient travel time to a public health-care centre is about 30 minutes.
7 The human development index (HDI) has been compiled by the United Nations Development Programme (UNDP) on a regular basis since 1990. It combines different measures of development and well-being into one index number, allowing an assessment of development that goes beyond pure measures of income. At the time of writing, the most recent available report is the Human Development Report 2009. 8 Data on spending and hospital coverage are taken from the Ministry of Health, Jordan, Annual Statistical Book (2009) , the most recent issue at the time of writing. 9 This has been achieved mainly through targeted policies and programmes by the Ministry of Health, such as the provision of free health insurance for all people living in high poverty areas.
Policies to promote maternal and child health have become a central concern for the Jordanian Government since the 1970s. Child immunization was identified as a priority area, and by the late 1980s more than 90 per cent of children living in Jordan were fully vaccinated. From the 1990s onwards, population issues also started to play an increasing role in the country's development plans and projects (Al-Qutob, 1994) . In 1993, Jordan's cabinet approved the National Birth Spacing Program and in 1996, government agencies were requested to implement the National Population Strategy, which included, among other areas, maternal and child health, family planning and birth spacing (National Population Commission, 2000) . In the five-year development plan for 1993-1997, the staffing of primary health-care centres with nurses and midwives was one of the key strategies for raising the quality of health care, directly benefiting maternal as well as child health. More recently, the Government has further increased its efforts to expand access to health care by raising insurance coverage and reaching out to vulnerable groups, as emphasized, for instance, in the 2004-2006 development plan.
Infant and under-five mortality trends
While MDG 4 calls for a reduction of child mortality, the related target is to "reduce by two thirds, between 1990 and 2015, the under-five mortality rate". In more technical terms, infant mortality and under-five mortality rates are measured as the number of deaths per 1,000 live births before a child's first birthday and before its fifth birthday, respectively. The child mortality rate in turn is defined as the rate of deaths between the ages of one and five years, and can be computed as the difference between under-five and infant mortality rates.
According to CME Info (2010), a database compiled by the Inter-agency Group for Child Mortality Estimation, Jordan has been able to reduce infant and under-five mortality rates from 74 to 22 and from 103 to 26, respectively, between 1970 26, respectively, between and 2007 26, respectively, between . Until 2005 , mortality rates in Jordan were consistently lower than the median of countries for which comparable data is available (see table 1 ). Compared to the mean mortality rates, Jordan's performance looks even more impressive. Since the 1980s, however, the pace of decline has continuously slowed-more so than in other countries, as reflected by Jordan's deteriorating rank. While Jordan ranked 93 rd out of 197 countries in both infant and child mortality in 1995, it had slipped by 13 ranks, down to 106 th out of the same 197, by 2007. Median mortality rates in that year were 20 for infant mortality and 24 for under-five mortality, compared to Jordan's 22 and 26, respectively.
The final report of the 2007 JPFHS provides a more detailed overview and analysis of these trends at the national and subnational levels (Department of Statistics [Jordan] and Macro International Inc., 2008) . Overall, the numbers and trends are compatible with CME Info (2010) data, while additional information is supplied based on a series of five-year time intervals prior to the survey. Such time intervals can be constructed on the basis of reported birth and death dates of children in the survey (the earliest reported date of birth in the 2007 JPFHS was January 1971, and the most recent was September 2007). Table 2 gives an overview of early childhood mortality rates in Jordan by time interval prior to the survey.
In addition to the general time trends, table 2 also differentiates further between mortality rates by age, revealing uneven progress for different age groups. While under-five mortality has declined steadily over the three five-year periods prior to the survey, from 26 to 21 per 1,000 live births, this was mainly owing to similar declines in infant mortality. Child mortality, in contrast, has not moved much over time, hovering around 2 or 3 per 1,000 live births. In turn, the decline in infant mortality seems to have been driven mostly by the decrease in post-neonatal mortality, whereas neonatal mortality rates have not followed a clear time trend.
Given the already low rate of child mortality, the country's efforts to further reduce under-five mortality rates should focus on infant mortality, and especially on neonatal mortality. With this in mind, we concentrate our analysis in the following sections on the determinants of infant mortality.
Data Sources and Explanatory Variables
The dataset
Our analysis is based on data from the 2007 JPFHS carried out by the Department of Statistics of Jordan. The survey is part of the worldwide DHS programme, a project that supports developing countries by providing a standardized framework and technical assistance for the collection, analysis and dissemination of data on population, health, HIV and nutrition.
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The 2007 JPFHS covers a nationally representative sample of 14,564 households and 10,876 evermarried women aged 15-49, with response rates of 99 per cent and 98 per cent, respectively. The sample is designed to produce representative results for the country level, as well as for urban and rural areas, the Badia (desert or semi-desert) and non-Badia areas, the North, Central and South region, and also for all 12 governorates. Since the sample allocation is not strictly proportional to each governorate, weights are attributed at the household and at the individual woman level in order to ensure representative estimates.
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Based on a total of 10,876 women interviewed with between 0 and 19 children each, we construct a comprehensive dataset covering the household, maternal and individual characteristics of 43,460 children born between January 1971 and September 2007.
Set of determinants for analysis
Following the analytical framework developed by Mosley and Chen (1984) , the literature on infant and child mortality has established a set of individual and socio-economic factors that have been shown to influence the probability of early childhood death. In line with other studies, we group these determinants into three categories (e.g., Vos et al., 2004; Mustafa and Odimegwu, 2008) : a child's personal and biological characteristics, the behavioural characteristics of the child's mother, and socio-economic household and community characteristics. Annex table A.1 provides a detailed overview of all independent variables that are used in our analysis, and indicates their expected effect on infant mortality.
Personal and biological factors
The personal and biological characteristics included in the study are the infant's sex, its birth order rank, and whether the infant was born prematurely and/or as part of a multiple delivery. To account for improving health conditions over time, we also include a dummy variable that differentiates between children born in different time intervals before the year of the survey (1971-1987, 1988-1997, 1998-2007) .
Since the 2007 JPFHS data do not provide direct information about premature birth, we use birth weight as a proxy, assuming that premature birth is closely correlated with low birth weight. We do this by introducing a dummy for low birth weight with a cut-off value of 2,500 grams, in line with the corresponding WHO definition (WHO, 2005) . Concerning the effect of birth order on infant mortality, a number of past studies have pointed to a J-or U-shaped effect, with the probability of infant mortality being higher for first born children and for children of birth order four and higher (e.g., Sastry, 1997; Titaley et al., 2008) . To account for this in our regression analysis, we construct two dummies, one for first born children, and one for children with birth order four and higher.
Behavioural factors
We include the following behavioural characteristics in our analysis: whether the infant's mother smokes tobacco; whether delivery took place in a private or public facility; the age of the mother at birth; whether the preceding birth interval was shorter than the WHO-recommended 24 months between a preceding birth and a new pregnancy (WHO, 2006) (translating into a 33-month interval between consecutive births); and whether the infant has been breastfed for at least six months.
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With regard to smoking, we group consumption of cigarettes and nargila (water pipe) together into one dummy variable. Further, we do not differentiate by the frequency of tobacco consumption, since such information is not available in the JPFHS data.
Concerning the age of the mother, we expect a J-or U-shaped relationship, with a higher probability of mortality for children of very young mothers and for those born to older mothers (e.g., Rutstein, 2000; Uddin and Hossain, 2008) . We test for this relationship by grouping mothers by age, defining a dummy for mothers under the age of 20 and one for mothers 30 years of age and older.
Breastfeeding has been recognized as a major determinant of infant and child health. We construct a dummy variable to reflect the WHO recommendation of a minimum of six months of exclusive breastfeeding (WHO, 2003) . In order to avoid a possible reverse causation bias, we also include those children as fully breastfed who died before the age of six months but were breastfed up to their time of death (in full months). One drawback is that all cases of neonatal mortality have to be dropped (i.e., when a child dies before completing one month of age) when including the breastfeeding dummy, since data is only available by full months.
Household and community factors
The household and community characteristics included in our analysis are access to safe drinking water, access to improved sanitation, the geographical and rural/urban location of the household, its socio-economic status, the mother's education level and the district's immunization status.
Typically used measurements for socio-economic status are household income or consumption expenditures per capita (e.g., Deaton and Zaidi, 1999) . However, as is standard for DHS, the 2007 JPFHS does not include information on either one of these variables. Instead, we use the household wealth factorroutinely included in DHS datasets-to rank households according to their relative socio-economic status.
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We also include household size as a control variable, the effect of which is a priori ambiguous: while a larger number of household members could imply higher fertility levels and a fiercer competition for resources, a larger number of potential caregivers-such as elder or unoccupied single women or older siblings living in the household-may in fact decrease the risk of mortality.
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We also attempted to include a dummy variable indicating whether the mother had the WTO-recommended minimum of four pre-natal controls (Berg, 1995) . However, owing to the limited number of observations (4,591), inclusion of this variable reduced the sample size too much to generate meaningful results, forcing us to drop it from the analysis. 13 Following the principal components approach suggested by Filmer and Pritchett (2001) , the household wealth factor is based on information on housing characteristics and assets owned by household members. As a proxy for long-run socio-economic status, such an index has in fact been shown to outperform more traditional income and expenditure measures in terms of explaining differences in health outcomes (Rutstein and Johnson, 2004 ). 14 Another reason to treat this control variable with some care is the fact that there may be problems of endogeneity, as mortality rates and "replacement" considerations affect fertility decisions and household size. However, while it is a valid concern in high mortality contexts, this effect should not be overemphasized for a middle-income country like Jordan that has already made great progress in reducing child mortality.
Descriptive statistics
Summary statistics based on the 2007 JPFHS data allow us to differentiate infant and under-five mortality rates according to the determinants that are included in our analysis. While this does not tell us anything about causalities or the exact magnitude of a correlation and its statistical significance, it provides a first overview of the incidence of early childhood mortality in different contexts.
In addition to the mortality rates by factor, table 3 also shows the prevalence of each factor as measured by the percentage of children born during the 10-year period prior to the survey who exhibit this characteristic. All calculations are based on this 10-year period in order to generate a sufficiently large sample size, while at the same time excluding older observations which may not properly reflect current trends. We are not separately reporting mortality rates for variables that can take on many different values such as the mother's education level in years and the total number of household members. For household wealth, we report summary statistics for different quintiles.
Among the personal and biological factors, there are clear differences in mortality rates according to birth weight (our proxy for premature delivery), multiple deliveries and birth order. As expected, low birth weight is associated with higher infant mortality, as is being part of a multiple delivery. Mortality rates also vary with birth order: infant mortality is highest for children of birth order four or higher and is lowest for children of birth order two or three. While this is in line with other studies on infant mortality, it contrasts with the findings of an earlier study on Jordan by Shakhatreh, Abbas and Issa (1996) . Analysing mortality statistics for the period 1980-1990, these authors find that infant mortality rates were lowest for first-born children.
A child's sex does not seem to be associated with infant mortality, though under-five mortality is slightly higher for girls than for boys. This finding is somewhat surprising, as the consensus in the literature is that girls have a biological advantage, causing higher rates of infant mortality for boys (e.g., Drevenstedt et al., 2008) . In fact, we find such a relationship when we look at the entire dataset, including all children born between January 1971 and September 2007 instead of just the 10 years before the survey: While overall infant and under-five mortality are higher during this longer time period-at 23 and 26 per 1,000 live births, respectively (reflecting the improvements that have taken place over the last thirty years)-the infant mortality rate was 20 for girls and 26 for boys, and the under-five mortality was 23 for girls and 29 for boys. This difference in the descriptive statistics over time seems to suggest that boys were the main beneficiaries of the recent improvements in mortality rates.
Among the behavioural determinants, we find meaningful associations for the smoking variable and for breastfeeding, as well as for the length of the preceding birth interval, but not for the type of delivery facility. According to the statistics, infant mortality is much higher if the mother smokes or if the birth interval is short, and it is lower if an infant has been breastfed for at least six months. Against this backdrop, it is important to note that around 11 per cent of children are born to mothers who report smoking. Also, 44 per cent of children are born less than 33 months after the preceding birth and more than 30 per cent are breastfed for less than six months.
Among the household and community characteristics, we observe higher mortality rates among infants and children who lack access to either safe drinking water or improved sanitation facilities. Importantly, while only 2.5 per cent of children are born into households without an improved source of drinking water, 15 per cent lack access to improved sanitation facilities. Concerning the mother's age at birth, we find the expected U-shaped relation with infant and under-five mortality. Further, we find that above-average immunization coverage within a district is associated with lower mortality, both at the infant and the under-five levels. There are also clear differences in mortality rates according to residence, with lower infant and under-five mortality rates in urban areas, as well as in the Central region. In comparison, mortality rates are higher in the North and highest in the South region. Interestingly, the data show slightly lower mortality rates for the Badia region.
Using wealth quintiles, we find no clear trend for socio-economic status. While mortality rates are highest for the lower two quintiles, they are lowest for the middle quintile, and substantively higher for the upper two quintiles. It is worth noting that the lower quintiles are overrepresented in our sample as poorer households tend to have more children than richer households.
Methodology
In the following, we use a standard binomial logit model to analyse the determinants of infant mortality in Jordan. Two factors led us to choose infant mortality as the dependent variable instead of under-five mortality, which is the official MDG indicator: First, as described in section 2 above, the main driver of under-five mortality in Jordan is in fact infant mortality. In order to reduce under-five mortality, it is therefore key to identify the determinants of infant mortality and consider appropriate policy tools for reducing that rate. Second, from a more technical point of view, the estimation of under-five mortality with a standard logit model, based on the 2007 JPFHS data, does not allow us to include important behavioural variables such as breastfeeding. This is owing to the fact that information on breastfeeding is available only for children who are born within the five-year interval before the survey, and the logit model forces us to drop all observations that are not fully at risk-in this case, all children less than five years of age and alive at the time of the survey. Again, since under-five mortality in Jordan is concentrated during the first year of life, we are confident a Data is available for only the last five children born to a mother.
that the results of our analysis of the determinants of infant mortality carry over to the analysis of under-five mortality. For control purposes, we also run a separate estimation for under-five mortality (excluding breastfeeding as a determinant). The results broadly confirm this view and are reported in the annex.
In one of our estimations, we focus explicitly on the role of breastfeeding for child health. In this particular case, we use post-neonatal mortality as the dependent variable instead of infant mortality, in order to avoid a possible reverse causation bias (as discussed in subsection 3.B.) To help us better interpret the results of this estimation, we also run a comparative estimation without the breastfeeding variable for postneonatal mortality. The results of that latter estimation are reported in the annex.
We use a standard binomial logit model, acknowledging that in the literature, empirical studies of infant, child or under-five mortality use either logit/probit models or hazard models such as the semiparametric Cox Proportional Hazard Model (Cox, 1972) .
15 Both types of models have specific advantages and disadvantages to be taken into account in the modelling decision. Binary choice models, specifically the logit/probit model, typically entail a censoring problem, as some individuals are not fully exposed to the (mortality) risk. In our sample, this is the case for children under one year of age and alive at the time of the survey-since it is uncertain whether these children will die before reaching their first birthday. A simple way to resolve this issue is by dropping these children from the sample. However, so reducing the sample size necessarily lowers the statistical power of the results.
The Cox Proportional Hazard Model, on the other hand, allows for the inclusion of censored data, making full use of the available case information. It further differs from binary choice models in that it uses the information about an infant's age in months at time of death, whereas a logit or probit model only focuses on survival to the age of one. However, the Cox model is restrictive in its assumption of proportional hazard functions, meaning that for each covariate, the ratio of hazards must remain the same for any two observations (individuals) over time. If this is not the case for any given covariate, that covariate can only be included in a stratified Cox model, where it is used as a stratification variable and not as a determinant, and no coefficient can be computed for this variable. This is an acceptable way of solving the problem as long as the variable concerned is not of primary interest for the analysis.
In the case of infant mortality, the proportional hazards assumption is typically violated for the covariate "sex of the child". As discussed above, owing to biological factors, infant boys are prone to a higher mortality risk than infant girls, particularly so during the first few months of life. This leads us to expect a change in the hazard ratio between boys and girls over time. 16 We cannot resort to using the child's sex as a stratifying variable, however, since we are explicitly interested in its effect on the mortality risk given the observed gender bias in Jordan's human development and mortality indicators.
Based on the above, we prefer a binary choice model over the Cox Proportional Hazard Model. A link test for model specification reveals that the logit model is a better fit than the probit model. We thus proceed with our estimation using the standard binomial logit regression model, as specified below:
15 In their meta-analysis of determinants of child mortality, Charmarbagwala et al. (2004) compare a total of 38 studies, 21 of which use logit/probit techniques and 18 use hazard models (one paper uses both). 16 We ran a Cox Proportional Hazard regression for control purposes, finding that the proportional hazard assumption was indeed violated for the child's sex, as well as for being part of a multiple delivery and for the mother's education status. The results of this regression are available from the authors upon request.
where the probability for the realization of the event Y = 1 (here: child dies before its first birthday), conditional on the covariate vector x, is determined by the logistic function of the covariate vector x and the vector of coefficients β.
As covariates, we use the determinants specified above, which are described in detail in annex table A.1. Using the Box-Tidwell test to assess the functional form of all variables, we find that our variable for mother's education should not enter the regression equation linearly, but in its squared form.
Finally, it is worth noting that we do not use sample weights in our logit estimations, even though the 2007 JPFHS data are stratified along geographic and rural/urban lines. While sample weights are required for obtaining unbiased estimators of means and other indicators for descriptive statistics purposes, we follow the argumentation in Wooldridge (2002) and O'Donnell et al. (2008) that, when it comes to the econometric analysis of causal relationships, unweighted estimators are consistent and more efficient than their weighted counterparts. This is the case provided that the source of the differences between the sample and the population proportions is not driven by the variable of interest, in this case infant mortality. Assuming that infant mortality does not strongly influence the choice of geographic residence, we therefore prefer the use of unweighted estimators.
Results
We report on four different estimations for infant mortality. In estimation (I) in table 4, we include those variables with only a complete set of observations in order to maximize the sample size and hence the robustness of our results. This estimation captures the relation between infant mortality and its determinants for children born between January 1971 and September 2007. In estimation (II) in table 4, we use the same set of variables, but include only the children that were born during the 10-year period prior to the survey, thereby reducing the sample size by about one half (from 41,153 to 19,146). This sample is identical to the one used for the descriptive statistics in table 3. In estimations (III) and (IV) in table 5, we include additional potentially important determinants, mainly behavioural factors, for which fewer observations are available. Estimation (III) is based on the full set of variables from estimations (I) and (II), with premature delivery and type of delivery facility (public or private) as additional determinants. As is the case with the breastfeeding variable, information on these two variables is available only for children who are born within the five-year interval before the survey, thus further reducing the sample size to 8,112. Finally, in estimation (IV), we include information about whether the infant was breastfed for at least six months, while dropping most of the variables that were insignificant in estimation (III). As discussed above, by including breastfeeding, we are also obliged to drop all cases of neonatal mortality, i.e., when a child dies before completing one month of age. For comparison, we also rerun estimation (I) with post-neonatal mortality as the dependent variable. The results of that estimation are reported in annex table A.3.
Our models fit the data relatively well, as indicated by the Hosmer-Lemeshow goodness-of-fit-tests and by large proportions of correct classifications.
17 The regression diagnostics do not signal any problems of multicollinearity, and the large dataset ensures that our results are robust to the exclusion of outliers.
18
17 The p-values associated with the Hosmer-Lemeshow tests range from 0.18 to 0.67, while the proportion of correctly classified cases is above 97 per cent in all four estimations. 18 To avoid biases in our estimators, we tested for pairwise correlation between all determinants. We also followed the suggestion by Berry and Feldman (1985) to regress the determinants against each other to identify correlation. However, we did not find strong correlations between any of our determinants. 0.0775 0.0886 Note: Estimation (I) uses the largest possible sample, including children born between January 1971 and September 2007 (but excluding all children under one year of age and alive at the time of the survey); estimation (II) uses a reduced sample size, including children born since January 1997. We report parameter estimates, with standard errors given in parentheses, as well as odds ratios.
Behavioural factors
Compared to older studies on infant and child mortality in Jordan (Adlahka and Suchindran, 1985; ESCWA, 1991; Shakhatreh, Abbas and Issa, 1996) , we find a significant shift away from standard household and community factors, including infrastructure and health-care services, as the main determinants of mortality risk. In turn, the inclusion of more behavioural factors allows us to trace a number of "emerging" determinants that seem to have gained importance as Jordan has achieved higher development status and lower infant and child mortality rates. In this vein, our estimation results suggest that variables related to the behaviour of the child's mother have a significant and often large effect on infant mortality in Jordan and should thus be at the centre of future policy interventions: A short preceding birth interval, being born to a mother who smokes, and lack of breastfeeding all substantially increase a child's risk of dying before its first birthday.
In line with results by Adlahka and Suchindran (1985) and Shakhatreh, Abbas and Issa (1996) , the birth interval variable is highly significant in each of our specifications, with odds ratios of 1.60 and 1.71 in estimations (I) and (II), respectively. This means that-all else being equal-children born after a birth interval of less than 33 months have around 1.7 times the odds of dying before their first birthday compared to children born after a longer interval. While the proportion of children born less than 33 months after the preceding birth has declined somewhat over the last three decades, it was still over 50 per cent during the 10 years prior to the survey (see table 3 ). An expansion of birth-spacing initiatives may therefore still be a powerful tool for further reducing child mortality.
For the mother's age at birth, we find the expected U-shaped relationship in our basic estimation (I), with higher risks of infant mortality of children born to mothers under 20 years and mothers over 30 years old. Interestingly, the picture changes when we focus on more recent time periods in estimations (II) and (III) (10 years and 5 years prior to the survey, respectively). In both of these samples, the impact of being born to an older mother remains significant at the 5 per cent level while the effect of being born to a very young mother becomes insignificant. The latter finding contrasts directly with earlier results by Shakhatreh, Abbas and Issa (1996) , who find that the impact of being born to a younger mother is significant, but the impact of being born to an older mother is not. We interpret our results against the backdrop of an underlying change in behavioural patterns during the past three decades, with a relative reduction in the numbers of very young mothers and a relative increase in the number of older mothers. In fact, a mother's mean age has risen from 26 years in the whole sample to 28 years in the 10-year period before the survey. At the same time, the share of mothers under the age of 20 has declined from 10.8 per cent to only 6.1 per cent. This small share of very young mothers, combined with the reduced sample size in the 10-year period before the survey, results in a larger standard error in estimation (II), rendering the estimated coefficient for the effect of being born to a younger mother statistically insignificant. In view of this trend, we also conclude that the change in the behavioural patterns away from very young motherhood is likely to have contributed to the observed decrease in Jordan's infant and child mortality.
Going beyond the above-cited earlier studies on infant and child mortality in Jordan, we also include smoking as an additional behavioural variable, to account for the impact of a mother's tobacco consumption on infant mortality. As one might expect, we find that being born to a mother who smokes increases a child's mortality risk significantly.
19 In fact, the child of a mother who smokes has 1.55 times the odds of dying before its first birthday compared to a child of a non-smoking mother, according to estimation (I) (and 1.36 according to estimation (II)). This is particularly noteworthy as during the 10 years prior to the survey, about 11 per cent of the children were born to mothers who smoke (see table 3 ). These numbers are broadly in line with recent WHO estimates which indicate that about 10 per cent of Jordanian women smoke some form of tobacco (WHO, 2008) . While this figure is low compared to much of the Western world, it is high for an Arab country, and recent trends show that tobacco consumption in its various forms (smoked and smokeless) has been on the rise among the young, particularly among girls. According to WHO, a total of 30.3 per cent of Jordanian youth aged 13-15 use some form of tobacco, including 33.7 per cent of boys and 26.1 per cent of girls. 20 While Jordan has a long history of anti-smoking legislation, and Jordanian authorities have recently strengthened enforcement mechanisms as well as legislation, smoking still remains an accepted social behaviour.
21 Against this background, and in view of our results on infant mortality, more needs to be done to discourage tobacco consumption, particularly by girls and young women. Public awareness programmes, including school campaigns like those currently implemented by the Jordanian Ministry of Health, the Education Ministry and local NGOs, are a step in the right direction, and should be rolled out more broadly at a national level.
Finally, we find that insufficient breastfeeding has a strong and highly statistically significant effect on increasing post-neonatal mortality (estimation (IV)). The odds of dying between the first month and the first birthday are 3.93 times greater for children who have not, or have not fully, been breastfed compared to children who have been breastfed for at least six months. While this has been an established fact in the literature, it is particularly relevant in Jordan, given that during the 10-year period before the survey more than 30 per cent of all children were breastfed for less than the six months recommended by the WHO (see table 3) . A recent report on child and maternal nutrition paints an even bleaker picture of breastfeeding behaviour in Jordan (UNICEF, 2009): According to the latest data only 22 per cent of children were exclusively breastfed during the first six months of their lives, well below the average for the developing world, which was estimated at 37 per cent in 2008. Against this backdrop, government agencies should support measures to facilitate breastfeeding, in addition to further increasing their efforts to advertise its benefits.
Personal and biological factors
Our estimation results confirm the importance of several standard personal and biological factors for infant mortality, including being born prematurely, being part of a multiple delivery and having a higher birth order.
As expected, if a child has a birth weight of less than 2,500 grams-our proxy for premature delivery-or is part of a multiple delivery, it has a much higher probability of dying before its first birthday. The respective odds ratios in estimation (III) are 3.04 and 4.72. 22 In line with other studies, we also find that infant mortality is highest for children with birth order four or higher, while it is lowest for children with birth order two or three.
20 Cigarette consumption among the young is much lower, at 13.2 per cent for boys and 7.1 per cent for girls aged 13-15, indicating a revival of traditional forms of tobacco consumption such as the water pipe. 21 For an overview of tobacco control measures in Jordan, see Belbeisi et al. (2009) . 22 In estimation (IV), the dummy for multiple delivery loses its significance as information about breastfeeding is included. This can be attributed to the fact that most of those children who are part of a multiple delivery and who do not live to their first birthday die within the first 30 days of their lives-and are therefore dropped from the sample in estimation (IV).
A more striking result is our finding on the relationship between an infant's sex and its mortality risk, where based on standard results in the literature we would expect boys to display a higher risk of infant mortality than girls. In fact, we find the expected relationship to be significant in estimation (I), which covers the period from 1971 to 2007, with an odds ratio of 1.23.
23 In stark contrast, this relationship disappears in estimation (II), covering the shorter interval of the last 10 years before the survey, where we find no statistical significance and an odds ratio close to 1. Taken together with the descriptive statistics results discussed in subsection 3.C, we interpret this finding to suggest preferential treatment of boys over girls. As access to health care and preventive medicine improved and infant mortality declined, a historic cultural preference for boys over girls seems to have caused boys to benefit relatively more from these developments. Lamentably, such a relationship is not uncommon in countries at intermediate development levels, as documented by Fuse and Crenshaw (2006) . Thus, the lack of significance of the variable in estimation (II) points to a distortion in the mortality risk by sex, and should alert policymakers to the need for greater action to promote the health and well-being of the girl child.
Household and Community Factors
The three earlier empirical studies of infant and child mortality in Jordan cited above found several household and community factors to be associated with infant mortality, most importantly the area of residence (rural or urban) and the mother's education level. Our results confirm the relevance of mother's education, which is significant in all four estimations (although the average effect of one additional year of schooling seems to be small). We take this as an indication of the progress Jordan has made during the past few decades in improving girl's access to primary and secondary education.
In contrast to these earlier studies, our results suggest that the area of residence is no longer a key determinant. Urban residence and residence outside the Badia region do not have a significant effect in any of our estimations. Residence in the Central region, which includes the capital Amman, has a positive impact on infant mortality in estimation (I), which covers the period from 1971 to 2007, but this effect does not carry over to estimation (II), covering only the last 10 years before the survey. We interpret this development as a likely outcome of improved overall access to health facilities, as discussed in subsection 2.B. Another indicator of improved access to health care and preventive medicine is the lack of significance of a district's immunization status as a determinant of infant mortality. This has evolved against the backdrop of successful vaccination campaigns in the past which have led to high overall vaccination coverage.
24
Similarly, household wealth seems to have become less important for infant mortality, in line with the overall improvement in access to health care. While the wealth factor is significant in estimation (I) and the sign is as expected, its quantitative impact is extremely low. In estimation (II), covering the shorter interval of the last 10 years before the survey, it loses significance altogether. This result points to an overall positive effect of development gains over time, and particularly of the improved access to and increased quality of public health care. This result is supported by the fact that the choice of delivery facility (public versus private) does not have a significant impact on mortality, as evidenced in estimations (III) and (IV).
23 As shown in annex table A.3, which repeats estimation (I) for post-neonatal mortality as the dependent variable, there is no statistically significant relationship between an infant's sex and post-neonatal mortality. This implies that the higher risk of boys' dying before reaching their first birthday that is apparent in estimation (I) is primarily the result of a higher neonatal mortality risk. 24 For details on Jordan's vaccination coverage, see Department of Statistics [Jordan] and Macro International Inc. (2008), pp. 116-123. While the impact of many "standard" determinants of infant mortality from the group of household and community factors has thus declined or even disappeared, we still find that access to safe drinking water remains an important factor. Our results suggest that in spite of the overall vastly improved access to safe drinking water in Jordan, lack of access still greatly increases the risk of infant mortality. The variable is significant, with odds ratios of 1.51 and 1.59 in estimations (I) and (II), respectively. While only 2.5 per cent of children were affected by a lack of access to safe drinking water in the 10 years prior to the survey, this result underlines the importance of universal access in order to make further progress in reducing infant mortality. Meanwhile, we do not find any significant effects of lack of access to improved sanitation.
Lastly, we find that a larger number of household members decreases the risk of infant mortality, possibly pointing towards a beneficial effect of a larger number of caregivers.
Conclusion
Jordan has made great strides over the past four decades in lowering infant and under-five mortality. However, the recent rate of progress has been slower than in many other middle-income countries, and the gap with developed countries remains large. Additional efforts are therefore required to further improve child health outcomes and allow the country to achieve international development goals.
The objective of this study was to re-examine the main determinants of infant and under-five mortality, and to inform the national policy debate in Jordan. Our results are also likely to be relevant for countries at a similar stage of development that face challenges in improving child health conditions. Previous empirical work on infant and under-five mortality in Jordan, carried out between 1985 and 1996, emphasized the importance of household and community factors for child health, most notably the area of residence (rural or urban) and the mother's education level. Our results suggest that these factors play a lesser role today, as overall access to health facilities as well as girls' access to primary and secondary education have improved substantially over recent decades. Instead, what seems to matter most for infant and under-five mortality at this juncture are factors related to the behaviour of the child's mother. According to our findings, a short preceding birth interval, being born to a mother who smokes and lack of breastfeeding all have a significant and robust effect on child health. These factors should thus be at the centre of future policy interventions. Public awareness campaigns, such as those already put in place by the Jordanian Government against smoking, could be tailored to the specific target audience of young women and mothers who smoke, and similar campaigns could be implemented for family planning (in terms of birth spacing) and the benefits of breastfeeding. If applied in a sustained and well-targeted fashion with broad geographical and social outreach, such campaigns have the potential to be a cost-effective and powerful tool in combating infant and under-five mortality.
Our results also indicate that boys in Jordan have benefited relatively more from the improvements in health care than girls. To the extent that this uneven progress is the result of a cultural preference for boys, a renewed push for the protection of the rights of the girl child can be expected to yield further reductions in infant mortality. a A household is considered to have access to an improved source of drinking water if it uses water that is piped into the dwelling or yard/plot, rainwater or bottled water. The use of water from an unprotected spring, tanker truck or other sources is considered non-improved access.
ANNEX
b A household is considered to have access to improved sanitation facilities if it has its own flush toilet or ventilated improved pit latrine. Other types of pit latrines or no facility are considered non-improved.
c Jordan is divided into 12 governorates which are grouped into three regions, the North region (Irbid, Jarash, Ajloun and Mafraq), the Central region (Amman, Zarqa, Balqa and Madabe) and the South region (Karak, Tafielah, Ma'an and Aqaba). 0.0453 Note: The estimation uses the largest possible sample, including children born between January 1971 and September 2007 (but excluding all children under five years of age and alive at the time of the survey). We report parameter estimates, with standard errors given in parentheses, as well as odds ratios.
a Significance at the 10 per cent level. b Significance at the 5 per cent level. c Significance at the 1 per cent level.
